Background: Suppression of gastric acid by proton pump inhibitors is associated with the increase of Lactobacillus in human gut microbiota. Gastric acid secretion is also suppressed by Helicobacter pylori infection and following atrophic gastritis. However, few studies have examined the association between H. pylori infection and Lactobacillus species in gut microbiota particularly in Japan.
FigUre 1 | Study flow of subjects. A total of 884 subjects were enrolled from 1,123 adults who participated in the Iwaki Health Promotion Projects in 2014.
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Lactobacillus bulgaricus, Lactobacillus casei, and Lactobacillus rhamnosus GG prevented antibiotic-associated diarrhea and Clostridium difficile-associated colitis (2-5).
Recent studies suggested that the use of proton pump inhibitors (PPIs) was associated with the increase in the Lactobacillus population in the human gut microbiota (6, 7) . This phenomenon is thought to be due to long-term acid suppression by PPIs. Gastric acid secretion is also suppressed by Helicobacter pylori infection and following atrophic gastritis (8) (9) (10) (11) (12) . However, it is unclear whether the decrease of gastric acid caused by H. pylori infection and atrophic gastritis would cause an increase in Lactobacillus in the human gut microbiota. Most patients infected with H. pylori develop atrophic gastritis in Japan (13) . Gastric acid secretion is also lower in Japanese people comparing with Western populations in healthy subjects (14) . The lower gastric acid secretion might result in different gut microbiota in Japanese from those in Western people. Indeed, a recent study demonstrated that gut microbiome of the Japanese is considerably different from those of other populations (15) . In Japan, however, few studies have examined the association between H. pylori infection and gut microbiota, particularly Lactobacillus species. Although a previous German study showed a modulation of Lactobacillus in the gut microbiota after successful eradication of H. pylori, next-generation sequence analysis was not used (16) . Furthermore, previous studies have been performed regardless of the extent of atrophic gastritis.
The aim of this study was to evaluate the influence of H. pylori infection and the progress of atrophic gastritis on the amount and diversity of Lactobacillus species in the human gut microbiota in Japan using next-generation sequence analysis.
MaTerials anD MeThODs study subjects
A total of 1,123 adults participated in the Iwaki Health Promotion Projects held in June 2014, in Hirosaki City, north Japan (Figure 1 ). Of these, we excluded 207 subjects who had previously received H. pylori eradication therapy, 12 subjects who had a previous history of gastric surgery, and 20 subjects who were taking PPI. After the exclusion, there was no subject whose serum level of creatinine was larger than 2.0 mg/dL. Finally, 884 subjects were analyzed.
Diagnosis of H. pylori infection
Serum samples were collected after one night of fasting and stored at −20°C. The titer of serum IgG antibody to H. pylori was measured by E-plate (Eiken, Tokyo, Japan) (17) . Stool samples were collected and stored at −80°C. Stool samples were tested for H. pylori antigen by using Testmate EIA (Wakamoto and Kyowa Medex, Tokyo, Japan) (18) . H. pylori status was defined as positive when the stool antigen test was positive and serum antibody titer ≥10 U/mL, and as negative when the stool antigen test was negative and serum antibody titer <3 U/mL.
evaluation of atrophic gastritis
The serum level of pepsinogen (PG) I and II was measured and used as markers of atrophic gastritis (12, 19, 20) . The result was considered indicative of atrophic gastritis when both a PG I level of <70 μg/L and a PG I/II ratio of <3.0 were observed, and severe atrophic gastritis when both a PG I level of <30 μg/L and a PG I/ II ratio <2.0 were observed. 
next-generation sequence analysis and 16s rDna-Based Taxonomic analysis
According to previous studies, a series of representative bacteria in the human gut microbiota was analyzed using the primers for the V3-V4 region of 16S rDNA of prokaryotes (21, 22) . Sequencing was conducted using an Illumina MiSeq system (Illumina, San Diego, CA, USA). The method for quality filtering the sequences was as follows: only reads that had quality value scores of scores of ≥20 for more than 99% of the sequence were extracted for the analysis. Detection and identification of bacteria from sequences were performed using Metagenome@KIN software (World Fusion Co., Tokyo, Japan) and the TechnoSuruga Lab Microbial Identification database DB-BA 10.0 (TechnoSuruga Laboratory) at 97% sequence similarity.
We compared the relative abundance of Lactobacillus in the gut microbiota between H. pylori-infected and non-infected subjects and among subjects with different degrees of atrophic gastritis. Relative abundance is the percent composition of reads of Lactobacillus relative to the total reads of gut microbiota. The composition ratio of each Lactobacillus species was surveyed in each subject. Moreover, to evaluate the influence of gender and age, in H. pylori non-infected subjects, we surveyed the relative abundance of Lactobacillus in gut microbiota between male and female, and among different age groups by decades.
statistical analysis
Statistical analyses of the clinical data were performed using the Statistical Package for the Social Sciences (SPSS) version 20.0 (SPSS Inc., Chicago, IL, USA). Categorical variables are shown as frequencies and percentages and, continuous variables are shown as the mean with standard deviation or the median with interquartile range. Categorical variables were compared using the chi-square test and continuous variables were compared using the Student's t-test. One-way ANOVA was used for comparing more than two groups. Mann-Whitney U-test and Steel-Dwass test were used to compare the abundance of Lactobacillus. A p value of less than 0.05 was considered significant for all tests.
ethics statement
This study was performed in accordance with the ethical standards of the Declaration of Helsinki and approved by the ethics committee at Hirosaki University Medical Ethics Committee (2014-377). All patients provided written informed consent for this study.
resUlTs
A total of 226 subjects were defined as infected with H. pylori, and 524 subjects who were defined as non-infected ( Table 1) . The median relative abundance of Lactobacillus in subjects with H. pylori infection and non-infected subjects was 0.071 (interquartile range: IQR; 0.350)% and 0.033 (0.143)%. In H. pylori-infected subjects, there were 111 subjects without atrophic gastritis, 81 subjects with mild atrophic gastritis and 34 subjects with severe atrophic gastritis ( Table 2 ). The median relative abundance of Lactobacillus in subjects with severe atrophic gastritis was significantly higher than those in subjects with mild atrophic gastritis, without atrophic gastritis and non-infected [median (IQR) 0.591 (1.837) vs 0.068 (0.258)%, 0.033 (0.205)% and 0.033 (0.143)%; p < 0.001] (Figure 2) . The relative abundance of Lactobacillus was not significantly different between subjects with mild atrophic gastritis, without atrophic gastritis and non-infected subjects. In H. pylori non-infected subjects, there were no significant differences in the relative abundance of Lactobacillus between male and female subjects (p = 0.332) (Figure 3) , or among the six age groups by decades (p = 0.532) (Figure 4) . Figure 5 shows the proportion of Lactobacillus species in H. pylori-infected subjects divided by degree of atrophic gastritis and non-infected subjects. The proportion of Lactobacillus salivarius was higher in H. pylori-infected subjects than non-infected subjects. By contrast, the proportion of L. acidophilus in H. pylori non-infected subjects was higher than that in H. pylori-infected subjects regardless the degree of atrophic gastritis. 
DiscUssiOn
This study demonstrated that infection with H. pylori modulates the proportion of species of Lactobacillus in gut microbiota. The relative abundance of Lactobacillus in human gut microbiota may increase after the development of severe atrophic gastritis. By contrast, in H. pylori non-infected subjects, relative abundance of Lactobacillus in gut microbiota was not affected by gender or age. A previous German study reported that the presence of H. pylori led to an increased growth of lactobacilli (16) . In this study, however, H. pylori-infected subjects showed higher rates of Lactobacillus only when the subjects had severe atrophic gastritis. Therefore, the rates of Lactobacillus in the gut microbiota could be associated with the progress of atrophic gastritis rather than with H. pylori infection in Japan. Severe gastric atrophy indicated by serum level of PGs has been significantly correlated with gastric acid secretion (12, 23) . The use of PPIs has been associated with an increase of Lactobacillus in the gut microbiota (6, 7) . In Japan, the reduction of gastric acid by severe atrophic gastritis could influence the rates of Lactobacillus in gut microbiota even though the effects were smaller than with the use of PPI or potassiumcompetitive acid blockers. By contrast, in Western people, H. pylori-infected in only gastric antrum to pylorus, so the gastric acid would be increased by H. pylori infection. Therefore, species of Lactobacillus would be different between Japanese and Western people even though H. pylori infection is associated with the increase of Lactobacillus in both populations. Generally, the development of atrophic gastritis in males is observed at a younger age than in females. Furthermore, the degree of atrophic gastritis increases with age, alongside the duration of H. pylori infection. Therefore, to eliminate the potential influence of gender or age on our results, we compared the relative abundance of Lactobacillus between males and females, and among the different age groups (grouped by decades) in H. pylori non-infected subjects. The results showed the rate of Lactobacillus was not affected by gender and age suggesting that the proportion of Lactobacillus in the gut microbiota could be associated with the severity of atrophic gastritis rather than both gender and age.
The mechanisms of the increase of Lactobacillus in microbiota due to a reduction of gastric acid have not been clearly elucidated. In this study, in H. pylori-infected subjects, the intestinal flora at species level was characterized by an increase of L. salivarius and a decrease of L. acidophilus. In H. pylori-infected subjects, the composition ratio of each Lactobacillus species was similar regardless of the severity of atrophic gastritis. Therefore, H. pylori infection initially influences the composition ratio of each Lactobacillus species in the gut microbiota before the progression of atrophic gastritis. Subsequently, the relative abundance of Lactobacillus increases following the decrease of gastric acid in Japanese subjects. However, in a previous German study, the intestinal flora was characterized by an increase in growth of L. acidophilus in H. pylori-infected patients (16) . In that study, the microbiota was examined via bacterial culture, and some of H. pylori-infected patients had duodenal ulcers, indicating a higher gastric acid secretion. The uniqueness of the gut microbiome of Japanese might also cause the difference (15) . It is necessary to examine the influence of H. pylori infection on the gut microbiota in different populations using next-generation analysis.
Several limitations associated with this study should be mentioned. First, we did not exclude the subjects with chronic inflammation of the gastrointestinal tract, including bacterial infection of the gut microbiota. However, prevalence rates of such diseases would be low, and the number of study subjects was sufficiently to counteract this. Second, instead of measuring gastric pH, PG I and PG I/II were used as markers of atrophic gastritis. As this study was based on a mass survey, it was not possible to measure individual gastric acid production and gastric pH. Indeed, a good correlation between serum PG levels and gastric acid secretion level has previously been shown (20) . Third, we did not exclude patients with autoimmune gastritis from patients with severe atrophic gastritis. However, autoimmune gastritis is a rare disease in Japan, and the results of serum level of PGs indicated that none of the non-infected subjects had atrophic gastritis in this study. Therefore, influence of autoimmune gastritis on our results could be small.
In conclusion, the species of Lactobacillus in the human gut microbiota would be associated with H. pylori infection, and a significant increase of the rate of Lactobacillus appeared in subjects with severe atrophic gastritis. Efficacy of Lactobacilli as a probiotic might be influenced by H. pylori infection and subsequent atrophic gastritis, which associate with reduced gastric acid.
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